A trial fibrillation (AF) is the most common sustained arrhythmia in the United States. Adults over the age of 40 years have a 25% risk of developing AF during their lives. 1, 2 Because AF has detrimental sequelae, including symptoms from tachyarrhythmias, hemodynamic compromise, and thromboembolic complications, many treatment strategies have been developed to alleviate the disease. Antiarrhythmic drugs, catheter-based ablation, and surgery have all been used with varying efficacies. Unfortunately, medical therapy has significant limitations and antiarrhythmic drugs have recurrence rates of AF of more than 60% in some series. 3, 4 Catheter ablation has reported short-and mid-term cure rates of 59% to 91%, respectively, at variable follow-up. 5 The surgical treatment of AF has been most successful with the Cox-Maze III procedure, which has long-term cure rates over 90%. 6, 7 Although the Cox-Maze III procedure had excellent longterm efficacy, 6 the cut-and-sew technique was technically challenging to carry out and few surgeons routinely performed the operation. Recent technologic advancements in ablation devices have provided surgeons with the possibility of performing a modified Cox-Maze procedure by replacing some or all of the traditional incisions with lines of ablation. At our institution, excellent laboratory results using a bipolar radiofrequency (RF) ablation clamp 8, 9 led to the development of a modification of the original cut-and-sew procedure, which was first performed in 2002. In this procedure, termed the Cox-Maze IV, many of the lesions of the conventional version are replaced with linear lines of ablation using bipolar RF energy. 10 Early experience with the Cox-Maze IV procedure recorded comparable success rates to the Cox-Maze III procedure with freedom from AF at last follow-up of greater than 90%. 11 The Cox-Maze procedure involved the creation of a myriad of lesions on the atria originally designed to prevent macroreentrant circuits that were felt to be responsible for the initiation and/or maintenance of AF. 12 Speculation concerning which lines of conduction block were essential for treating AF led to the development of several different operations involving limited lesion sets. These have included only left atrial lesions, right atrial lesions, pulmonary vein isolation alone, or a combination of different lesions. 13, 14 Using mapping techniques, some groups have found that many cases of AF initiate from ectopic beats at foci in the pulmonary veins. [15] [16] [17] The use of catheterbased RF ablations to isolate the pulmonary veins and treat AF has shown short-term success rates near 80%. 5 As a result, it has been suggested that pulmonary vein isolation by catheter-based RF ablation be considered as a first-line treatment of AF. 18, 19 Surgeons have also attempted to treat AF with fewer lesions on the atria than the traditional Cox-Maze procedure, but reports of long-term success have been scarce.
The purpose of this study was to examine results using bipolar RF ablation in 130 patients undergoing a Cox-Maze IV procedure, a limited Cox-Maze procedure, or pulmonary vein isolation alone and to compare them to a historical cohort of patients undergoing a "cut-and-sew" Cox-Maze III procedure.
PATIENTS AND METHODS

Study Design and Endpoints
A retrospective review was performed of patients who underwent surgery utilizing bipolar RF ablation to complete a Cox-Maze IV procedure (n ϭ 100), pulmonary vein isolation alone (n ϭ 23), or a limited Cox-Maze procedure (n ϭ 7). Follow-up was available on 129 of 130 patients (99%). The primary endpoints of this study were: freedom from recurrence of AF, pulmonary vein isolation as evaluated by intraoperative pacing thresholds, presence of postoperative atrial arrhythmias, and continued use of antiarrhythmic medications. Secondary endpoints were hospital length of stay, postoperative atrial arrhythmias, postoperative permanent pacemaker insertions, and major postoperative events (myocardial infarction, bleeding, stroke, thromboembolism, or death). Follow-up was obtained at 1, 3, 6, and 12 months and then annually. Persistent AF was defined as continuous AF, permanent AF was defined as persistent AF of more than 6 months' duration that had failed electrical or chemical cardioversion. Paroxysmal AF was defined as sinus rhythm with intermittent episodes of AF.
The patients undergoing these ablation-assisted procedures were compared with a historical cohort of patients undergoing a Cox-Maze III at our institution between January 1988 and January 2002. 6
Patient Accrual
A total of 130 consecutive patients were enrolled after informed consent was obtained for their procedures, in accordance with the ethical standards of the Human Studies Committee at our institution. The specific procedure was determined by the operating surgeon. All patients who presented with AF as the primary indication for surgery underwent a full Cox-Maze procedure. Patients that had AF as a secondary indication for surgery, and who either had paroxysmal AF and a small left atrium (Ͻ5 cm) or who were deemed too high risk for a full CMP underwent PVI alone. A left atrial procedure was rarely performed (n ϭ 2) in patients with isolated left atrial pathology. Patients with isolated right heart pathology (usually due to congenital heart disease and/or tricuspid regurgitation) had only the right-sided lesions done. All patients who underwent a Cox-Maze procedure, limited Cox-Maze procedure, or pulmonary vein isolation procedure were included in this study.
Bipolar RF Ablation
The bipolar RF system consisted of the ablation sensing unit and the Atricure Isolator (Atricure, Inc., Cincinnati, OH), or the Medtronic Cardioblate BP Surgical Ablation System (Medtronic Inc., Minneapolis, MN). For the Atricure device, the energy was applied at 75 W and 750 mA between the jaws of the instrument. The generator continuously monitored voltage, current, temperature, time, and conductance. Tissue temperature was measured 1 mm from the electrode edge. Two seconds after conductance fell below 0.025 Siemens, an indicator light flashed and an audible tone was heard, signifying full thickness coagulation and termination of the ablation. Total ablation time and maximum tissue temperature were recorded for every lesion.
The Medtronic clamp used was an irrigated bipolar RF surgical ablation device, which consisted of a hand piece with embedded bipolar electrodes, and a RF generator. The device was constantly irrigated with saline solution, which acted as a conductor for the delivered energy. The generator delivered RF energy while an online system monitored tissue impedance, current, voltage delivered, and the duration of ablation in real time. The device operated on the principal that tissue is fully ablated when impedance reached a stable plateau. Initially, moderate power was applied to the tissue. Impedance (Z) was measured continuously, and the derivative of impedance (dZ/dt) was calculated every 200 ms. When impedance achieved a stable plateau, the algorithm logic determined that maximum ablation at this power level was complete. The power was then increased by a step function of 5 W. If the plateau in impedance was not sustained, then the algorithm determined that transmurality had not been achieved and ablation continued until another plateau in impedance was detected. This process was repeated until an impedance plateau was sustained after an increase in power. At this point, the microprocessor determined that transmurality had been achieved and the generator provided a signal to the user.
Operative Technique
After either median sternotomy or right thoracotomy, patients underwent a pericardotomy, and were placed on cardiopulmonary bypass. If patients were not in normal sinus rhythm, intraoperative direct-current cardioversion was performed. The right and left pulmonary veins were carefully dissected and isolated using a blunt technique. Pacing thresholds from the right and left pulmonary veins were obtained by performing bipolar epicardial pacing. The bipolar RF clamp was then placed such that a rim of atrial tissue surrounding the pulmonary veins was ablated. After ablation, electrical isolation was confirmed by bipolar pacing at 20 mA from both the superior and inferior pulmonary veins. If atrial capture was present, the ablation was repeated until electrical isolation was achieved. In 23 patients, pulmonary vein isolation alone was performed as the sole treatment of AF, based upon the operating surgeon's judgment. This procedure generally was chosen for patients who were felt to be too high a risk for a complete Cox-Maze IV, or who had paroxysmal AF of short duration with a small left atrium.
The remainder of the operation has been described in a prior publication. 11 In summary, the right-sided lesions were created by making a simple atriotomy, which extended from the intra-atrial septum, up to near the atrioventricular groove at the acute margin of the heart. All the other incisions of the traditional cut-and-sew method were replaced with bipolar RF ablation lines ( Fig. 1 ). Two cryolesions were placed at the tricuspid anulus using a linear cryoprobe cooled to Ϫ60°C for 2 minutes. In 5 of the 7 patients that underwent a limited Cox-Maze procedure, only the right-sided lesions were done ( Fig. 1 ). These patients had isolated right heart pathology usually due to congenital heart disease or tricuspid regurgitation.
For those patients that had a full Cox-Maze procedure (n ϭ 100) or limited Cox-Maze procedure including only the left-sided lesions (n ϭ 2), only a single left atriotomy was performed. This incision was extended onto the dome of the left atrium and inferiorly around the orifice of the right inferior pulmonary vein. It intersected the encircling right pulmonary vein ablation. A connecting ablation lesion was performed from the inferior aspect of the left atrium into the left inferior pulmonary vein. In atria larger than 5 cm in diameter, a second connecting ablation was placed from the superior aspect of the incision into the left superior pulmonary vein. Finally, a bipolar RF ablation line was performed from the inferior end of the incision down to the mitral anulus at a point in between the circumflex and right coronary circulations. A cryolesion was placed at the mitral anulus with a 15-mm bell probe (Frigitronics, CCS200, Trumbull, CT) cooled to Ϫ60°C for 3 minutes. The left atrial appendage was amputated and a bipolar RF ablation was performed between the left atrial appendage and the left superior pulmonary vein. The left atrial appendage was oversewn ( Fig. 1 ).
Concomitant procedures performed in this study included coronary artery bypass grafting, mitral valve repair/ replacement, aortic valve replacement, tricuspid valve replacement, patent foramen ovale closure, atrial septal defect repair, left atrial reduction, septal myectomy, and resection of intracardiac tumor (Table 1) .
A description of the Cox-Maze III procedure has been published previously. 20 The cryolesions were done on the valvular anulus in a similar manner for both the Cox-Maze III and IV procedures. The lesion made through the atrial septum in the Cox-Maze III procedure was not completed in the Cox-Maze IV surgery, as it was traditionally done for access only and was not considered a necessary part of the lesion set. The results for these Cox-Maze III patients have been reported previously. 6
Postoperative Care and Patient Follow-up
After the operation, all patients were monitored continuously for arrhythmias. Perioperative AF was treated with antiarrhythmic drugs, usually amiodarone. If these drugs were not tolerated, patients were managed with rate control medication and underwent elective cardioversion at 2 to 6 weeks. Anticoagulation with Coumadin was used in patients for the first 3 months, unless there was a specific contraindication.
Patients had follow-up visits scheduled for 1, 3, 6, and 12 months and then annually. At all visits, a history and physical examination and an electrocardiogram were obtained. In patients with symptoms, palpitations, or other evidence of atrial arrhythmias, Holter monitoring or event recorders were obtained.
Data Analysis
Analysis was conducted after data entry into a confidential patient database. All continuous data were expressed as mean Ϯ SD. Categorical data were expressed as counts and proportions. Comparisons were done with paired, 2-tailed t tests for means of normally distributed continuous variables and the Wilcoxon rank-sum tests for skewed data. 2 or Fisher exact test tests were used to analyze differences among the categorical data. Statistical analysis of data was conducted with the SPSS system for statistics (SPSS Inc., version 11, Chicago, IL).
RESULTS
Patient Enrollment and Demographics
Between January 2002 and October 2005, 130 consecutive patients were enrolled in this study at Barnes-Jewish Hospital, St. Louis, MO. Follow-up was completed at 1, 3, 6, and 12 months, and annually thereafter. Mean follow-up was 13 Ϯ 10, 23 Ϯ 15, and 9 Ϯ 10 months for the Cox-Maze IV, the pulmonary vein isolation, and the limited Cox-Maze procedure groups, respectively. The clinical, electrocardiographic, and operative characteristics of each group are outlined in Table 2 .
Perioperative Results
Electrical isolation of the pulmonary veins was confirmed with bipolar epicardial pacing in 129 of 130 patients. A single patient could not be cardioverted into normal sinus rhythm; therefore, isolation could not be tested in that patient. There were 4 operative deaths (4%) in the patients that underwent a full Cox-Maze IV procedure, and 1 death (4%) in the pulmonary vein isolation group, and none in the limited Cox-Maze group. The median hospital length of stay was 11 days (range, 4 -61 days) for the Cox-Maze IV patients, and 11 days (range, 3-54) for the pulmonary vein isolation patients, and 7 days (range, 4 -8 days) for the limited Cox-Maze patients.
Perioperative complications for the patients in the Cox-Maze IV group included pulmonary embolism in 1 patient (1%), stroke in 1 patient (1%), reoperation for bleeding in 10 patients (10%), and permanent pacemaker placement in 10 patients (10%). Perioperative complications for the pulmonary vein isolation group included pulmonary embolism in 1 patient (4%), stroke in 3 patients (13%), reoperation for bleeding in 3 patients (13%), and no postoperative permanent pacemaker insertions. There was no reoperation for bleeding, embolism, stroke, or permanent pacemakers placed in the limited Cox-Maze procedure group. Postoperative atrial tachyarrhythmias occurred in 60 (60%) of the Cox-Maze IV group, 16 (70%) of the pulmonary vein isolation group, and 1 (14%) in the limited Cox-Maze procedure group. In a previous study by our group, the occurrence of postoperative atrial tachyarrhythmias was demonstrated to be unrelated to long-term freedom from arrhythmias. 21 Cross-clamp time in the lone Cox-Maze IV procedure patients was 44 Ϯ 21 minutes, while it was 104 Ϯ 42 minutes for the Cox-Maze IV procedure with a concomitant procedure. The mean cross-clamp time in patients undergoing pulmonary vein isolation was 85 Ϯ 30 minutes, and it was 99 Ϯ 5 minutes for the 2 patients requiring bypass in the limited Cox-Maze procedure group. For patients undergoing a lone Cox-Maze IV procedure, the cross-clamp time was shortened considerably from our traditional lone cut-and-sew Cox-Maze procedure times (92 Ϯ 26 minutes, P Ͻ 0.05). Patient characteristics comparing Cox-Maze III surgical patients versus Cox-Maze IV patients can be seen in Table 3 .
Late Results
The mean follow-up was 13 Ϯ 10, 23 Ϯ 15, and 9.0 Ϯ 10 months for the Cox-Maze IV, the pulmonary vein isolation, and the limited Cox-Maze procedure groups, respectively. Of the 100 patients who underwent the Cox Maze IV procedure, 74 of 83 (89%), 63 of 72 (88%), and 49 of 54 (91%) were free from AF at 3, 6 and 12 months, respectively. The number of patients free from AF was 78 of 94 (83%) and 71 of 94 (76%), at time of discharge and 1 month, respectively. At last follow-up, 85 of 94 (90%) were free from AF. Overall antiarrhythmic usage was 38% (27 of 72) and 33% (18 of 54) at 6 and 12 months, respectively (Figs. 2, 3). Of patients who suffered from permanent or persistent AF, 96% were free from atrial arrhythmias at last follow-up in the Cox-Maze IV group. Of patients with paroxysmal AF, 93% were free from atrial arrhythmias at last follow-up in the Cox-Maze IV group (Table 4 ).
In the pulmonary vein isolation group, freedom from AF was 10 of 21 (48%), 10 of 17 (59%), 8 of 16 (50%), and 9 of 13 (69%) at 1, 3, 6, and 12 months, respectively ( Fig. 2 ). This was significantly less than the Cox-Maze IV group at 3 and 6 months. At 12 months, the difference between both groups showed a strong trend toward significance (P ϭ 0.06). Ten of 17 (59%) patients were free from AF at last follow-up (P ϭ 0.003 vs. the Cox-Maze IV group). Overall antiarrhythmic usage was 25% (4 of 16) and 23% (3 of 13) at 6 and 12 months, respectively ( Fig. 3 ). Of patients who suffered from permanent or persistent AF, 43% were free from atrial arrhythmias at last follow-up in the PVI group. Of patients who suffered from paroxysmal AF, 70% were free from atrial arrhythmias at last follow-up (Table 4 ).
In comparison to our historical Cox-Maze III cohort, patients undergoing the Cox-Maze IV procedure were significantly younger (55 Ϯ 11 vs. 62 Ϯ 13 years, P Ͻ 0.001). They also had a shorter preoperative duration of AF (45 months vs. 72 months, P ϭ 0.001), and had more patients in NYHA class III or IV heart failure (59% vs. 11%, P Ͼ 0.001). More patients in the Cox-Maze IV group underwent concomitant procedures (68% vs. 44%, P Ͻ 0.001). Freedom from AF at 12-month follow-up was 91% for patients undergoing a Cox-Maze IV procedure versus 99% for patients undergoing the traditional Cox-Maze III procedure (P ϭ 0.006, Table 3 ). Of the 7 patients that underwent a limited Cox-Maze procedure, 6 of 7 (86%) were free from AF at the last follow-up. The recurrence of AF in this patient occurred within 1 month following surgery.
In the patients that had a CT or MRI after their Cox-Maze IV procedure, 10 of 10 (100%) were free from pulmonary vein stenosis. Mean follow-up for these imaging studies was 3.2 Ϯ 2.0 months.
DISCUSSION
The traditional Cox-Maze procedure has been the gold standard for the surgical treatment of AF for nearly 20 years. The results of this procedure have been excellent, with greater than 90% freedom from AF reported by our group and others. 6, [21] [22] [23] However, the traditional cut-and-sew technique has several limitations. Foremost, it was a technically challenging procedure and few surgeons would perform the surgery in addition to valve or coronary surgery. The procedure added significantly to cardiopulmonary bypass and cross-clamp time. Because of its complexity, its application to the general population of patients with AF was limited. Recent technologic advances have the potential to make this surgery less difficult and hence more accessible to patients.
For any emerging technology to adequately replace the surgical incisions of the Cox-Maze procedure, it must be able to create discrete transmural lesions to assure conduction block. Various energy sources have been used to replace the surgical incisions, including RF, microwave, laser, high frequency ultrasound, and cryoablation. 24 -28 Many of these devices have limitations, particularly in their ability to consistently and rapidly create transmural lesions, and to avoid collateral injury to cardiac and extra cardiac structures. 29 -32 Bipolar RF energy has the potential to overcome these shortcomings. Using an algorithm based on changes in tissue conductance, this technology reliably created transmural ablations on the atrium in the laboratory. 8, 9, 33, 34 Moreover, 5-to 6-cm lesions were created in a matter of seconds. Collateral injury to surrounding structures was impossible because the energy was confined to tissue within the clamp. 8, 9 These characteristics make bipolar RF ablation an attractive alternative to the cut-and-sew lesions of the original Cox-Maze procedure.
The safety and efficacy of this technology was documented in this study. The bipolar RF clamp was effective at isolating the pulmonary veins in every patient who was tested. Furthermore, the Cox-Maze IV procedure significantly shortened cross-clamp times when compared with the Cox-Maze III procedure. This was not surprising as the majority of incisions were replaced with ablation and the necessity of extensive surgery was eliminated. The efficacy of the Cox-Maze IV procedure was manifested by a freedom from AF of 91% at 1 year. While less effective than our historical results with the Cox-Maze III group, these 2 populations were not comparable due to significant differences in age, AF duration, NYHA heart failure class, and percentage of concomitant cardiac surgery. Because of its simplicity, this technology is now used in all patients with AF undergoing concomitant cardiac surgery at our institution. This has expanded the operation to older patients with larger left atria, and more complex cardiac disease, making a direct unmatched comparison to our previous results with the Cox-Maze III procedure difficult. Our opinion is that the over 90% freedom from AF at 1 year justifies the use of this enabling new technology. Moreover, a recent study from our group in which propensity analysis was used to match Cox-Maze III to Cox-Maze IV patients showed no significant differences in 1-year freedom from AF between groups. 35 In this initial clinical experience, bipolar RF ablation was safe. There were no device-related complications. In 10 patients, follow-up cardiac computed tomography (CT) or magnetic resonance imaging (MRI) documented no evidence of pulmonary vein stenosis. There were no instances of coronary, valvular, or esophageal damage in these 130 patients.
Recently, there have been many new more limited procedures proposed for the treatment of AF. There also have been a number of centers that have advocated performing only ablations on the left atrium. The success rates from these procedures have been reported between 44% and 95% at variable follow-up. 36 -40 One complication of performing only the left atrial lesions is postoperative atrial flutter, as reported in the literature with rates of 13% to 21% with 15to 37-month follow-up. 38, 41 One of the most common modifications has been to perform pulmonary vein isolation alone. This has been supported by the fact that in a majority of patients with paroxysmal AF the triggers for the arrhythmia originated in the pulmonary veins. [15] [16] [17] Addition of a lesion from the pulmonary vein island to the mitral isthmus decreased the incidence of postoperative AF in a large study from the Cleveland Clinic. 42 In this study, patients undergoing pulmonary vein isolation alone had only a 59% freedom from AF at last followup. These results are understandable when considering that almost half of foci for AF have been shown to originate outside the pulmonary veins. 17 These poor results have been supported by other studies in the literature on patients undergoing pulmonary vein isolation and concomitant cardiac surgery. Gaita et al randomized 105 patients undergoing AF and valve surgery to either PVI or more extensive left atrial ablation procedures. 43 At a mean follow-up of 41 Ϯ 17 months, only 29% of the PVI patients were in normal sinus rhythm. In a recent study from Japan, 101 patients undergoing concomitant surgery underwent PVI. At last follow-up, only 53% of patients were in normal sinus rhythm, only 25% were free from antiarrhythmic drug usage. 44 In this series, a very limited number of patients received only the left-or right-sided lesions of the Cox-Maze procedure. The cure rate for this modified technique was similar to the results of the full Cox-Maze IV procedure. However, these patients were highly selected, most of whom had isolated right heart pathology, with congenital heart defects and/or isolated tricuspid regurgitation. Results from previous series lend credence to the idea that this surgery may be sufficient in this subset of patients. 23 underwent an isolated left atrial procedure, and this experience is too small to draw any significant conclusions.
Limitations of Study
Bipolar RF ablation technology has some limitations. As opposed to our laboratory experience in animals, multiple applications were often required to isolate the pulmonary veins. This could have been due to the thicker human atria, the presence of extensive fat around the pulmonary veins, and the bunching large amounts of tissue within the clamp. The algorithm to determine lesion transmurality was not 100% accurate in the clinical setting. Because of this, pacing is essential in all patients undergoing bipolar RF ablation to document conduction block following pulmonary vein isolation.
There are also difficulties in comparing our results with bipolar RF ablation, particularly the Cox-Maze IV with the Cox-Maze III procedure. There was shorter follow-up for the Cox-Maze IV versus the Cox-Maze III procedure. Over time, there is a risk that ablation technology may be less durable in creating conduction block than an incision. Long-term follow-up will be needed to document chronic efficacy. Also, there were significant differences in patient characteristics between the Cox-Maze III and IV patients, as the Cox-Maze IV patients had more organic heart disease, worse congestive heart failure, and more concomitant procedures. These disparities make direct comparisons inadequate without either a propensity analysis or a randomized trial comparing the 2 procedures.
There are also some difficulties in comparing the different lesion sets used in this study. The great majority of patients underwent a full Cox-Maze IV lesion set, with the majority of the incisions of the traditional Cox-Maze III replaced with bipolar RF ablation or cryoablation. This was due to our bias toward a full lesion set. Pulmonary vein isolation alone was reserved either for high-risk patients who were felt to not be candidates for the full lesion set or in patients with short durations of paroxysmal AF in which available evidence suggested that pulmonary vein isolation had a reasonable likelihood of success. Thus, there were significant differences in the demographics between these groups. However, the difference in success rate clearly suggests that a significant number of patients with AF and organic heart disease will not be cured by pulmonary vein isolation alone. It is possible that, if one selected a group of patients particularly with paroxysmal AF and small atria, the success rate would be higher for pulmonary vein isolation alone. The success rate for the limited right or left atrial lesion sets was interesting. However, the numbers in this series were too small to draw any conclusions.
It is a weakness of this study that we did not examine pulmonary vein isolation in patients who had lone AF. Further data are needed to evaluate the efficacy of this procedure in this group. However, our historical results with the cutand-sew procedure had higher success rates in patients who had AF associated with concomitant cardiac pathology as opposed to those who had lone AF.
Finally, this study did not incorporate routine Holter monitoring to evaluate for atrial arrhythmias in the postoperative period. Thus, the true incidence of postoperative AF may be underestimated. However, our follow-up has been similar to most other reports in the surgical treatment of AF, and there are presently no large reports of surgical patients followed postoperatively with continuous monitoring.
CONCLUSION
This study documented a large single-center experience with bipolar radiofrequency ablation used to replace the surgical incisions of the Cox-Maze III procedure. There was excellent follow-up in this series. In a group of 100 consecutive patients, the Cox-Maze IV procedure was effective in over 90% of patients. The majority of patients were also free from antiarrhythmic drugs. There were no device-related complications. These results strongly suggest that bipolar radiofrequency is an effective and safe technology for the surgical treatment of atrial fibrillation. The use of bipolar radiofrequency simplified the procedure, decreased cross-clamp times, and expanded our indications. However, our initial results with pulmonary vein isolation were not as positive. There was a higher success rate in those patients with paroxysmal atrial fibrillation undergoing concomitant surgery, but this did not approach the greater than 90% success rate seen with the full Cox-Maze procedure. In our opinion, the use of pulmonary vein isolation should be limited in patients undergoing concomitant surgery.
isolation. I would like him to put this together for us. How does that compare to his procedure? DR. RALPH J. DAMIANO, JR. (ST. LOUIS, MISSOURI): Dr. Kron, thank you for your excellent questions, and I would like to acknowledge the work your group has done in this area.
Your first question is when to do which lesion set. And I will be the first to say that there is no one right answer to that question. The data clearly are not definitive because of the lack of any prospective, randomized trials. However, we do have decades of experience with the surgical treatment of atrial fibrillation at our institution, have performed mapping in over 50 patients who have come to the operating room with chronic atrial fibrillation. I think we can draw some conclusions, though I would have to say it is a field certainly in want of more rigorous data.
We are predisposed to perform a full lesion set on most patients who present with concomitant cardiac disease and chronic atrial fibrillation. This is because of our initial poor results with pulmonary vein isolation alone in this group, and the results of our intraoperative mapping in these patients, which have shown that only 40% to 50% of patients appear to have localized drivers for their atrial fibrillation in the left atrium. It is important to remember that these are surgical patients who are being referred mostly with large left atria and probably are not the same group of patients that they are reporting on in the cardiology literature.
In patients coming for valve or coronary surgery, we would generally perform the full lesion set, which would be the Cox-Maze 4. Exceptions to this are those patients with isolated right heart pathology. We have 5 patients upon whom we have performed just the ablation-assisted right atrial Maze, and have had excellent results in those patients with isolated tricuspid disease or right heart pathology due to congenital disease.
In terms of what are the present indications for pulmonary vein isolation, they are quite limited. We feel that for concomitant cardiac disease, it probably does not have much of a role until more data are available. In patients with lone atrial fibrillation, we think it is a reasonable option in those patients whose left atrial size is less than 5 cm, and who have paroxysmal atrial fibrillation. The basic science and electrophysiological literature would suggest that these patients would have the highest incidence of their atrial fibrillation being driven out of the pulmonary veins. We do inform patients that we only are getting about a 70% success rate for pulmonary vein isolation as opposed to over 90% with a Maze 4. We let them choose what operation they would like to have, knowing that you can do pulmonary vein isolation through very small incisions.
In terms of your next question regarding the benefits of unipolar versus bipolar ablation, I did not mention it, but we still do use unipolar ablation around the valve annuli. We favor cryosurgery in this area. The problem with the bipolar devices is you have to clamp to ablate, which is fine for the pulmonary veins but is limiting, as you know, for patients in whom you are trying to do a minimally invasive approach.
One of the problems in our literature now is the only minimally invasive operation people can do with these bipolar clamps is pulmonary vein isolation. This may not be sufficient for the kind of patients who eventually get referred for the surgical treatment of atrial fibrillation. So I think there is a big role for unipolar energy sources particularly in the minimally invasive lone atrial fibrillation population. We are awaiting further technological advances from industry in this area.
There also is a role in places you can not clamp easily. In our experience, this has been around the tricuspid mitral annulus where clamping is often difficult because of the thickness of the tissue and the possibility of damaging the valve leaflets. There are a number of very exciting energy sources on the horizon including laser and high frequency ultrasound. Unfortunately, experimental data are still very skimpy on these devices.
In terms of commenting on the efficacy of catheterbased ablation, I would just say that I think a great disservice has been their use of the term "pulmonary vein isolation." In my opinion, what they do in the Electrophysiology Laboratory has nothing to do with pulmonary vein isolation. In the great majority of patients, they do not isolate the pulmonary veins. Numerous investigators have shown that pulmonary vein isolation does not predict either success or failure of the procedure.
What they are doing in the Electrophysiology Laboratory is ablating most of the back of the left atrium, which our data would suggest would be successful in a significant number of these patients who do not have organic heart disease and a small left atrium. So I do believe there are certain centers around the world that can get excellent success rates with catheter-based ablation. I personally feel that surgical pulmonary vein isolation would be less effective than catheter ablation because it doesn't ablate as much atrial tissue. In centers across the United States, success with first-time catheter-based ablation is probably approaching 60% or 70%.
DR. ALDEN H. HARKEN (OAKLAND, CALIFORNIA): Dr. Damiano, I would like to echo Dr. Kron's comments about your continuing pioneering work in this area, not just the clinical application of it but also our understanding of the basic electrophysiology.
You commented that some of the atrial fibrillation really has a benign outcome. But you have got to remember this provokes the use what I think is the most dangerous drug we ever use, and that is Coumadin. So I think you are really solving a major problem.
If you think about the basic pathophysiology of atrial fibrillation as being you can exacerbate it with an increase in atrial mass, if you decrease conduction velocity or increase Annals of Surgery • Volume 244, Number 4, October 2006 Effect of Ablation Set on AF Treatment refactoriness, all of those factors will make it more likely to have atrial fibrillation. I guess I am a little surprised at the success rate of just the pulmonary vein isolation alone. Why do you think the success rate is as high as 50%? And second, what is the status of the minimally invasive? Obviously if you can do this thoracoscopically and access many of the incisions that you describe, what is the likelihood of this being successful, knowing that you have got a heat sink flowing through the left atrium at a very high velocity? Again I commend you on continuing the pioneering work, and what is the next step?
DR. RALPH J. DAMIANO, JR. (ST. LOUIS, MISSOURI): Why was pulmonary vein isolation as successful as we showed it to be? First of all, we did not have a control group. You have to remember that doing nothing has been shown to cure probably 20% to 30% of patients. So I would argue that a 50% success rate in patients coming for concomitant heart surgery, some of whom have had short durations of atrial fibrillation, is not a particularly good success rate.
The success rate is close to what we expected in this population. We have tended to use this operation more in paroxysmal atrial fibrillation patients, and our success rate is higher in this group. Several recent large studies have shown that in patients with paroxysmal atrial fibrillation, the arrhythmia seems to originate from in around the pulmonary veins in anywhere from 50% up to perhaps 70% of cases. This is close to our actual success rate. In fact, atrial fibrillation is a very delicate arrhythmia in some patients, and almost anything can perturb it.
In terms of what we need for a successful minimally invasive operation, this is an excellent question. Right now, we are hampered by the technology. We have proceeded headlong into minimally invasive procedures just because they are minimally invasive without any appropriate experimental testing as to whether the technology works or whether the operation may be appropriate.
Perhaps the boldest example of that has been the fact that with bipolar ablation devices, the only thing you can do is pulmonary vein isolation. So we have called that our minimally invasive procedure. The problem is that our experimental data and our early clinical results in patients with concomitant disease have shown this operation is not all that successful. Time will tell. One day we will be smart enough to be able to pick out the patients who will be cured by this operation. If we could pick out the 50% to 70% of patients in whom pulmonary vein isolation will work ahead of time, we could have 100% success. And that is probably where we are going.
The other problem is that with unipolar technology, which is easier to create the ablations in a minimally invasive way, virtually none of the energy sources seem to work well with the heart beating. Dr. Melby, who is one of our coauthors, has published very nice work with microwave en-ergy, showing that it does not create transmural lesions in the beating heart, despite having been widely used for this purpose in minimally invasive pulmonary vein isolation. However, if you go on bypass, it works well. Perhaps our first step should be going on cardiopulmonary bypass and using some of this unipolar technology and doing more aggressive lesion sets.
In summary, I think a truly successful minimally invasive procedure would have to have 90%-plus success rates to play a large role versus a catheter-based approach. To achieve these high success rates, we will need both better preoperative diagnostics and technology.
DR. LAWRENCE H. COHN (BOSTON, MASSACHUSETTS):
We have done several hundred of these procedures at the Brigham like you have. And one of the questions that comes up all the time is, how do you know you really cure atrial fibrillation? And we have had cardiologists say to us, "Well, you know, I'm not going to really believe that you have cured atrial fibrillation until we have a 2-week monitor 6 months to a year post-op." What is the criteria in your mind, and what is the criteria for this study, that says atrial fibrillation is truly cured after these procedures?
DR. RALPH J. DAMIANO, JR. (ST. LOUIS, MISSOURI): Well, I will try to be very short. That is an excellent question, Dr. Cohn, and one that doesn't lend itself actually to a short answer.
The easy thing, what were our criteria for success in this study? We obtained EKGs on all these patients at the follow-up intervals that I quoted to you. We had 99% followup, which I think is excellent for a surgical series. It is often hard to get EKGs on these patients. If they were asymptomatic and their serial EKGs showed no arrhythmia, we considered them cured.
Obviously they could be having periods of asymptomatic atrial fibrillation, which we wouldn't know about, and that is clearly a weakness of our study. Anybody with any symptoms or any evidence of palpitations or arrhythmias, we did get Holter monitoring or event recorders.
I agree with you that if we are going to be rigorous, we should do long-term monitoring in these patients. The problem is that we do not know what to do with that data. I think Dr. Harken very appropriately brought up the morbidity of Coumadin. When do you think it would be safe to stop the Coumadin? What if you are having atrial fibrillation 1% of the time? How about ten seconds a day? The problem I think is unfortunately most of the cardiologists would keep the Coumadin going. With our present follow-up, we virtually have seen no late strokes in these patients. In all the operations, we have amputated the left atrial appendage, so there is a low risk of stroke.
You are exactly right, we need to have better follow-up in these patients. We also need to develop some standards on how to interpret that data.
